Introduction
Bryophytes have been investigated rath er latecom pared w ith oth er plant gro u p s -for their chemical com positions [1] . These investigations showed bryophytes containing a large variety o f secondary m etabolites h itherto u n know n from other plant sources. O f the three classes o f b ry o phytes -h ornw orts, mosses, and liverw ortsonly the latter contain oil bodies [2 ] w hich are intracellular structures co ntaining various m ono-, sesqui-, and diterpenoids [3] som e o f which exert interesting biological activities [4] , Plant m aterial available for chem ical research which m ust be followed by pharm acological screening is often very limited. Axenic cultures offer the possibility o f o b tain in g sufficient am ounts. H ow ever, unlike in higher plants, there are only a few studies o f optim al grow th and te r penoid produ ctio n in liverw orts [5, 6 ] , Ricciocarpos natans (L.) C o rd a, Ricciaceae, grows floating on the surface o f stag n an t w aters in tem perate regions o f both the n o rth e rn and so u th ern hem isphere. If the m arshy p ool dries o u t it keeps grow ing on the m oist soil. In G erm any it is dispersed and show s the p h enom enon o f changing its h ab itat [7] . W ithin three years the a u th o rs found it only once in its n atu ral h ab itat. Ricciocarpos natans is the only species c o n ta in ing oil bodies w ithin the family o f the Ricciaceae. Its chem istry is still unknow n. Lorenzen et al. [8 ] reported this liverw ort to be grow ing quite well in aerated liquid cultures. Therefore, a study o f its in vitro grow th and terpenoid production seemed prom ising. They were m aintained in our la b o rato ry on G a m borg B5 m edium [9] under the conditions de scribed below and were subcultured every five weeks. The cultures resem bled very m uch the aquatic form o f field m aterial.
All experim ents were run with an inoculum of a b o u t 1.5 g fresh weight in 200 ml Erlenm eyer flasks containing 70 ml o f liquid m edia. The fol lowing m edia w ith their respective m acro n u trien t com position were tested: Lorenzen et al. [8 ] , Benecke [10] , K n o p b [10] , K nudsen [11] , M SK-2 [12] , W hite [13] , and G am b o rg B5 [9] . Trace ele m ents were those described by M urashige and Skoog [14] , 10 g/1 o f sucrose were added to the m e dia for sta n d a rd cultures and pH adjusted to 6.0 before autoclaving. The cultures were kept under co n tin u o u s illum ination o f a b o u t 2 0 0 0 lx at 2 2 ± 1 °C. Each tim e, five flasks were harvested, fresh and dry w eight determ ined, and the pH value o f the rem aining solution was m easured.
1050 g o f fresh p lan t m aterial were extracted w ith C H 2C12 for isolation and structure elucida tion o f terpenoids [15] , The content o f the m ain constituents (Fig. 1) , (-)-lim o n e n e (1), cuprenolide (2), ricciocarpin A (4), and phytol P rep aratio n for qu an titativ e determ ination: To 1.5 g o f fresh plant m aterial 1 ml o f a solution of the sta n d ard (5 m g/100 ml) in C H 2C12 and 15 ml C H 2C12 were added and the m ixture hom ogenized for 30 sec a t 24,000 rpm by an U ltra-T u rrax 18/2 (Janke & K unkel, Staufen). F u rth er 5 ml C H 2C12 were added and the suspension was once m ore hom ogenized. A fter 5 m in the solution was filtered and the filtrate chro m ato g rap h ed on a silica gel colum n. The colum n (0.5 x 12 cm) was run with C H 2C l2/E tO A c (95:5) until the chlorophyll eluted. The eluent was concentrated in vacuo to 0.2 ml and the residue subm itted to G C .
Results and Discussion

Grow th and morphology on different media and under different light regimes
Ricciocarpos natans grew as differentiated plants on any o f the different m ineral media. G ro w th curves ( Fig. 2 and 3) show the typical sig m oid p attern . The d u ra tio n o f the lag phase, the rise w ithin the grow th phase, and the beginning o f the statio n ary phase differed for the various m edia.
D ifferences were also observed in the a p p ea r ances o f the cultures reaching the stationary phase. Plants on m edia o f Benecke, K nop b, Lorenzen, and W hite tu rned from dark-green to light-green and subsequently their thalli turned brow n sta rt ing from the basal p art. T he ventral scales changed to violet on L orenzen's and W hite's m edium as early as six days after the sta rt o f the culture and on Benecke's and K n o p 's m edium ten days after the start o f the culture. Plants on B5-, M SK -2-, and K n u d sen 's m edium rem ained dark-green for even as long as 35 days. V entral scales started to tu rn violet at the end o f the culture period only. The violet colouring agent is bound to the cell wall as can be seen by plasm olyse experim ents. Prim ari ly investigations have show n this pigm ent being different from anthocyanins and sphagnorubins, m em branochrom es found in Sphagnum species [17] . Its n atu re has n ot yet been determ ined.
G ro w th expressed by fresh weight was best on B5 m edium ( Fig. 2 and 4 C hanges o f pH -values in the m edia during one passage showed two different patterns. In B5 (Fig.  2) , K n o p 's, L orenzen's, and W hile's m edium pH increased from 6.0 to a value above 7.5 during the first tw o weeks to drop to a b o u t 5.5 at the end o f Q-the culture period. In the o th er three m edia, Benecke, K nudsen (Fig. 3) , and M SK -2, pH dro p p ed during the first ten to fourteen days to a value between 3.0 and 3.5, then increased to reach a final value o f 5.1 for K nudsen and M SK -2 o r 4.2 for Benecke. The changes in pH for M SK -2 m edium have a l ready been described for the liverw orts M archantia polym orpha [12, 18] and Jungermannia subulata [19] Liverw orts can be grow n p h o to au to tro p hically on m ineral m edia w ithout any ad dition o f a ca r bon source [10] . As early as 1962, M achlis [20] show ed th a t the grow th o f the in vitro cultured liv erw ort Sphaerocarpos donnellii can be m ultiplied by adding sugar to the m edium . F o r oth er liver w orts it has been dem o n strated th at glucose and sucrose as carb o n sources have an optim um in stim ulating grow th at certain concentrations and lead to callus induction at concentrations from 2 % to 4% [5, 21, 22] . A ccording to a review by O hta and H irose [23] and by O no et al. [22] W e tested B5 m edium w ithout any carbon source and w ith sucrose and glucose at co n centra tions o f 0.5% , 1%, 2% , and 4% for their effects on grow th and for m orphological effects in cultures o f Ricciocarpos natans. G ro w th w ithout any car bon source was very p o o r (Fig. 5) . S tationary phase was already reached after tw o weeks and in crease o f fresh w eight was only 2.5-fold. Sucrose and glucose ad d itio n stim ulated grow th to a high extent. O ptim a for b o th sugars were 2% with the m axim um o f 13-fold fresh w eight increase for sucrose. G lucose was slightly less effective. A con cen tratio n o f 4% sugar does not lead to callus in duction, the thalli, however, show significant m o r phological changes. T heir size was reduced and the surface was curved to the ventral side; the num ber o f rhizoids was increased. The rhizoids as well as the ventral scales at 4% sugar were shorter than those o f plants grow n at lower sugar concentra tions. Lorenzen et al. [8 ] have observed a better grow th a t higher light intensities in a 2 % C 0 2 a t m osphere. W e tested Ricciocarpos natans in the dark , w ith 24 h co ntinuous illum ination at 2000 lx and 6000 lx, and at 6000 lx and 14 h light and 1 0 h dark. Tw o experim ents at 2 0 0 0 lx and 6000 lx were run w ithout sucrose. The o th er experim ents were run w ith B5 m edium containing 2% sucrose. The results (Fig. 5 ) show th at the tested light intensities and p h o to p erio d have no influence on grow th o f Ricciocarpos natans. H ow ever, the culture did not grow in the d ark , and plants kept in the dark show ed a decrease in chlorophyll content and started to tu rn brow n from the basal part.
Production o f terpenoids
T he axenic culture o f Ricciocarpos natans en abled the pro d u ctio n o f sufficient am ounts of plan t m aterial for chem ical analysis. 1050 g of fresh w eight were extracted and the following ter penoids isolated and their structures elucidated by spectroscopical m ethods [15] : (-)-lim o n e n e (1), cuprenolide (2), cuprenolidol (3), ricciocarpin A (4), ricciocarpin B (5), ricciofuranol (6 ) , and phytol (7) (Fig. 1) . R icciocarpin A (4) was also isolated from field-collected m aterial. A com parison by thin-layer c h ro m ato g rap h y show ed a good re sem blance o f the tw o sources with ricciocarpin A (4) as the m ain constituent in both field-collected and -cultivated m aterial.
O f the isolated com pounds, (-)-lim o n e n e (1), cuprenolide (2), ricciocarpin A (4), and phytol (7)
were quantified by gas chro m ato g rap h y in de pendence o f culture conditions during one culture period. The co n ten t o f the four terpenoids, calcu- nitrogen or p h o sphorus deficiencies [24, 25] . F o r Ricciocarpos natans no such effect could be o b served w hen n itrate or phosphate were reduced to ' /io o f their usual concentrations. The co n ten t o f the fo u r terpenoids was even lower on the deficient m edia (Fig. 7) . Light intensity (2000 lx versus 6000 lx continuous illum ination) had no effect on terpenoid production. Light regime, 14 
